INTRODUCTION
Prosobranch veligers have been observed gathering food in two ways: food particles in suspension are collected by the velum during swimming, o~en near the surface of the water, and particles which form a layer on a substratum are swept up by the velum and then directed to the mouth. Ten different algal cultures with cells mainly in suspension have been fed to larvae of Nassarius reticulatus (L.) and Crepidula fornicata (L.) ; some are more beneficial to growth than others (PILKmGTON & FI~E~r~R 1970) . The benefit of artificial foods has not been tested. Their particles settle and must be swept up by the velum. In the present work larvae of Nassarius reticulatus were reared for a two-week period on three such artificial foods -cornflour, G.M. MAVSTONE drinking chocolate and Liquifry (an artificial food for newborn fish) and their growth recorded.
Larvae in litre beakers have been observed to have a rhythmical swimming movement, especially obvious when feeding on some species of unicellular algae. A study of such movements has been made on larvae in a column of water containing algal foods.
EXPERIMENTAL CONDITIONS
Crepidula fornicata and Nassarius reticulatus were chosen for the experiments because batches of newly hatched larvae could be obtained from egg capsules. Before each experiment larvae which had just hatched were transferred to glass filtered seawater and kept at 140 C for two days without food, during which time the yolk store was depleted. With artificial foods the bacterial population might be expected to be a hazard, so antibiotics were added. Fresh solutions were made up from powdered antibiotics each time the water and food were renewed. This was necessary since in solution antibiotics deteriorate (MARTINDALE 1967) . The concentrations used were those given by WALNE (1958) : 50 I.U. penicillin G with 0.05 streptomycin sulphate/1.
The glass columns of water used for observing the larvae feeding in different algal foods were each 115 cm high and 52 cm in diameter. Each was marked at 20 cm intervals to provide reference points for use in estimating the levels at which the larvae occurred. Since it was found that most larvae aggregated in the upper 2 cm of water an extra reference point was made for this. The algal foods used in the column were Exuviella baltica LOHiVI., Cricosphaera ap. carterae (BRAARUD & FA-GERL) BRAARUD and Dunaliella prirnolecta BUTCH. These species were chosen because they are of differing food value to Nassarius reticulatus and Crepidula fornicata (PILKINGTON & FRETTER 1969) . Larvae grow well with C. ap. carterae which will therefore be referred to as a good food for both species. Nassarius reticulatus larvae grow poorly with Exuviaella baltica which will be referred to as a poor food for this species, although Crepidula fornicata grows almost as well with it as with C. ap. carterae.
Experiments were carried out at 14 o C. One column was filled with glass filtered seawater only and others with glass filtered seawater to which was added one of the three algal foods at a concentration of 20 × 103 cells/ml, and two hundred larvae of Nassarius reticulatus or CrepiduIa fornicata. The top of the column was covered with perforated parafilm to reduce bacterial contamination. The light intensity at the top of the column was 600 lux grading to 130 lux at the base. The experiment was lefL for 24 h to allow the larvae to acclimatize to the conditions. AfLer this period the algal cells were conspicuous, owing to their pigment, in the top 2 cm of the column. The number of larvae in each 20 cm and surface 2 cm layers was recorded every 15 rain for a 5-8 h period and expressed as a percentage of the total number of active larvae. The experiments were repeated with similar conditions using individual larvae, the movements of which were recorded in the same way.
The rate of upward swimming and downward sinking of the larvae was calculated and the depth to which some larvae sank was recorded. Since artificial foods settle, this poses a different problem whi& has not been studied.
The artificial foods used were selected from a range of organic foods which were accepted by the larvae in a previous series of experiments (unpublished) . These were cornflour and drinking chocolate, with particles of similar size (average diameter for cornflour 12 #, for drinking chocolate 10/~), not dissolving in sea water but differing in their constituent food substances and total food content (Tab. 2). The third food was Liquifry which consists of dried diatoms, other plant cells and other particles and is fairly similar to the natural food of the larvae. To measure the growth rates of larvae in artificial foods 30 were placed in litre beakers containing one of the three foods added to 500 ml of seawater treated with antibiotics. The concentrations of the foods were 20 X 10 s and 2 × I03 particles/ml for cornflour and drinking chocolate, and 20 × 103 particles/ml for Liquifry. Growth of larvae fed on Cricosphaera at 20 X 103 cells/ml was also measured to provide a comparison. 500 ml of water gave a depth necessary for the healthy activity of the larvae (FReTTrR & MONTGOMERY 1968) . The two concentrations of drinking chocolate and one of Liquifry were replaced by Cricosphaera ap. carterae at a concentration of 20 × 103 cells/ml after 7 days. Concentrations of artificial foods above 20 × 103 particles/ml were not used in order to avoid excessive bacterial growth. Larvae were kept in each beaker for 12-14 days at 140 C with a constant illumination of approximately 400 Iux at water surface; water, antibiotics and food were renewed after 7 days.
Individual larvae of Nassarius reticutatus which had been starved for 12 h were observed while feeding on natural and artificial foods at approximately 20 × 103 cells or particles/ml under a binocular microscope. The time between the first mouthful and first defecation was noted for five individual larvae in each food and the average figure obtained was termed the "defecation time". Some qualitative analysis of Liquifry was made.
RESULTS
The histograms of the movements of veligers through various levels in the column while feeding on three different species of alga show that the activity of the larvae differs with the algal food available. With Cricosphaera ap. carterae 50-75 % of Nassarius reticulatus veligers remain feeding at the surface almost continuously, but with ExuviaeUa baltiea only 20-35 °/0 congregate at the surface and the rest are distributed throughout the column (Fig. 1, A & B) . The distribution of larvae in a column with no food (Fig. l, C ) is similar to that in a column where E. bahica is available, although a slightly higher percentage of larvae (30-50 %) remain at the surface. In both these columns larvae were continually migrating through various levels in a random manner. The activity of veligers of Crepidula fornicata feeding on E. baltica is different from that of Nassarius reticulatus in the same food and closely resembles the activity of N. reticulatus in Cricosphaera ap. carterae. E. baltica, although a poor food for N. reticulatus, is a good food for C. fornicata.
Observations on individual larvae feeding in a column containing Cricosphaera ap. carterae confirm that larvae of both species feed in the top centimetre of water for 1-2 h, then sink 25-35 cm, or occasionally deeper, and without pausing at this depth rise again to the surface. As they rise with the velum fully extended they will so 6o _o~ *o t< zo ingest a few particles but there is no evidence that food is taken in as they sink. Thirty larvae were observed to take between 20 and 30 min to make a downward migration; twenty of these larvae dropped to between 26 and 34 cm and the deepest migration was to 80 cm. While feeding at the surface the larvae were continually rising and sinking in the top centimetre every 5-30 sec; sometimes they swam along the meniscus to gather food. The concentration of algal cells, although originally made up to 20 × 108 cells/ml, increased at the surface after the period of equilibration (24 h) as the pigmentation of the surface water showed. Haemocytometer counts of C. ap. carterae ceils at the end of the experiment gave a concentration of 360 × 108 cells/ml at the surface, which decreased with the light gradient to 220 × 108 cells/ml at 2 cm and 150 × i08 cells/ml at 10 cm. Individual larvae in a column without food were observed making continuous migrations in the top 20 cm without pausing at the surface or the bottom, and occasionally sinking to deeper layers. Although the level at which larvae are found in the column is related to the type of food present, the rate at which they rise and sink was found to be fairly similar in all the experiments and does not seem to be dependent upon the presence of food. Larvae sank at a fairly uniform rate which varied between 20 and 34 sec/cm, but were able to swim either directly upwards at a fast rate of 7-8 sec/cm or by a slower, more circuitous route at a rate similar to the sinking rate, except when feeding on Cricosphaera ap. carterae in which the speed dropped to 40 sec/cm.
All three artificial foods were readily collected by Nassarius reticulatus and retained in the stomach long enough for some digestion to occur. The digestive glands of the larvae become coloured by the food: colourless with cornflour, pale brown with drinking chocolate and pale green with Liquifry. The larvae grew a little in the three artificial foods during the whole period of the experiment, although not so fast as with Cricosphaera ap. carterae and growth ceased after 8-10 days (Fig. 2) . Growth was similar in cornflour and in Liquifry (although slightly better in the former) but poor in drinking chocolate. Larvae were most healthy with cornflour and the high mortality rate in drinking chocolate (see Tab. 1) may be related to the development of a bacterial infection.
Growth was slower in the lower concentration of cornflour, and the maximum size reached after 14 days was 399/~, which was 12 # less than that reached in the higher concentration. The effect of concentration on growth in drinking chocolate Beaker A: Artificial food at 20 X 103 particles/ml Beaker B: Artificial food at 2 X 10 ~ particles/ml -replaced by Cricosphaera ap. carterae at 20 X 10 ~ cells/ml after 7 days except for cornflour Beaker C: Cricosphaera ap. carterae at 20 X 108 cells/ml was partly upset by the poor growth in the higher concentration with the result that the maximum shell length reached after 7 days in the lower concentration was only 2 # less than in the higher concentration. Larvae fed on Liquifry for the first week and Cricosphaera ap. carterae for the second recovered from the poorer food after 3 days and continued to grow at a rate similar to that of larvae feeding on C. ap. carterae. The defecation times for Nassarius reticulatus feeding on natural and artificial foods can be divided into two groups. Faecal matter from algal cells are passed through the gut in 23-28 min, whereas foods which originate from higher plants and have been processed are passed through in half the time, 12-17 rain (Tab. 2).
The results of qualitative tests on Liquifry shown that the following are present: starch grains (iodine test); reducing sugars (Benedict's test); proteins (Million's test). Sudan black revealed no fats.
DISCUSSION
Veligers of Nassarius reticulatus and Crepidula fornicata display different types of activity according to the type of food available. In natural algal foods larvae exhibit rhythms of swimming activity associated with feeding and dependent upon the food value of the alga to the particular species of veliger. With artificial foods which settle on a substratum, this normal feeding rhythm is upset and yet the larvae can still obtain sufficient food for growth by sweeping up the particles with the velum. This seems only possible in gastropod veligers other than archaeogastropods in which the velum is so small (CROFTS 1959 ) that it can have little or no sweeping action. The slow growth rate in the artificial foods can be related not only to their poor food value but also to the fact that the larvae pass the particles rapidly through the stomach and comparatively few are retained and subjected to the digestive juices.
A healthy larva in a good natural food may feed at the surface (where the concentration of algal cells is most dense) for periods of 1 to 3 h, and then spend 20 to 30 min sinking 20 to 35 cm and returning immediately to the surface. Vertical movements may be related to the light gradient down the column. They were observed in larvae with no food, but these did not pause at the surface as do those which feed. Digestion is continuous from the moment the first food particle is taken in regardless of the swimming activities of the larvae. Defecation has been observed 30 min a~er the larva has returned to the surface from a downward migration. The actual time taken to make a migration is dependent upon the rising and sinking rates of the larvae. The sinking rate was not apparently influenced by the slight increase in weight caused by a full stomach, since the rate remained the same in all foods and when no food was available. The slow rising rate was also unaffected by the presence of food except by the presence of Cricosphaera ap. carterae. The larvae will ingest a cell or two as they rise and when ingesting C, ap. carterae their upward movement is delayed since the cells are larger and more difficult to ingest. The pattern of activity described above is upset when only a poor food is available to the larva. A much lower percentage of Nassarius reticulatus larvae congregated at the surface in the presence of Exuviaella baltica than in the presence of Cricosphaera ap. carterae or Dunaliella primolecta, and the percentage was even lower than that in the absence of food which suggests that high concentrations of E. baltica (approx. I50-360 cells/ml) may repel the larvae. In the presence of this alga migrations were more numerous further down the column, resembling the random swimming migration of larvae in the absence of food. The vertical movements of veliger larvae recall the activity of other members of the plankton. Their rapid sinking rate enabling them to avoid very dense, surface phytoplankton which may produce an uncongenial environment (HARDY 1936) .
Observations under the binocular microscope show that the time taken from the first mouthful to the first defecation is similar for all foods of algal origin and does not seem to be related to the relative food value of the alga to the species of veliger, or to the type of feeding rhythm. In natural foods larvae retain a stomach full of algal cells and then take in only a few cells while digestion takes place, whereas inorganic particles are passed through the gut extremely rapidly, and feeding is con-tinuous (Fr, ra-Trr, & MONTCO.UERY 1968) . BONr (1961) found a similar mechanism in Arnphioxus lanceolatum in which food particles were filtered slowly and filtering ceased while digestion occurred, whereas inorganic particles were filtered continuously and at a faster rate, and were passed out of the stomach for defecation more rapidly. Similarly, Artemia salina will filter sand particles at X 10 the rate of algal cells at the same concentration ( R r r w 1963). In the present experiments feeding on artificial particles was almost continuous and they were passed through the gut at a rate intermediate between that for inorganic particles and that for algal cells; this may be due to the lower food value of the artificial particles to the larvae, as compared with algal cells. It would appear that the stomach can detect the nature of the food, perhaps by chemoreceptors, and be responsible for their rate of passage through the gut. This would explain the longer defecation time for Liquifry compared with cornflour and drinking chocolate, since the former consists primarily of treated algal cells. Such a mechanism would be of advantage to the larva since it would allow a longer time for breakdown of natural foods and thus ensure that maximum nutrient is obtained from the most beneficiaI foods.
Larvae of Nassarius reticulatus can feed and grow on cornflour and Liquifry for up to a week, but not over a longer period. For the first two days the growth rate was not dissimilar in all three artificial foods and in Cricosphaera ap. carterae, but subsequently it was not as fast nor were the larvae as healthy in the artificial foods and they ceased to grow aPcer 10-12 days. When the artificial foods are compared growth over the first seven days was most vigorous in cornflour, which may be due in part to the nature and food value of the particles. The poor growth in drinking chocolate can be related to the development of a bacterial infection. Liquifry most closely resembles the natural food, although growth was a little slower than in cornfiour. The larvae remained healthy for the first week in Liquifry as is shown by their complete recovery when fed on C. ap. carterae. They did not thus recover when their first food was drinking chocolate.
Concentration of food particles affects larval growth in foods which are artificial to the larva as it does in natural foods (PILKINGTON & FRETTER 1970) . Growth was slower in a concentration of 2 × 103 particles/m1 of artificial food than in a concentration of 20 × 103 particles/ml and suggests that even though particles are less frequently ingested the larvae are still wasteful with them and pass them out rapidly for egestion. If artificial foods are to be used for short term growth of veligers, concentrations of 20 × 103 particles/ml or higher are recommended.
The food contents of two of the artificial foods is given in Table 3 . Cornflour and drinking chocolate consist almost entirely of carbohydrate and as such provide an unbalanced diet when compared with the food content of Cricosphaera ap. carterae. Figures are not available for Liquifry but the qualitative tests have shown the presence of proteins and carbohydrates, including some starch grains. It is probable that since Liquifry consists of pulverised diatoms, other plant cells, starch grains and other ingredients it would provide a more balanced diet, although the diatom frustules comprise a high percentage of indigestible material and cellulose walls. It is also treated in the larval gut in a similar way to algal cells in that it is retained in the stomach for digestion. Drinking chocolate contains protein granules, cocoa butter and roughage as well as starch, and, although some of these constituents may be of use to the veliger, bacterial action counteracted any value that the food may have.
Cricosphaera ap. carterae is a complete food for veliger larvae and produces healthy growth to metamorphosis in Nassarius reticulatus (PILKINGTON & FRETTER 1970 ). The present study reveals that an artificial food such as cornflour or Liquifry, although it lacks essential micronutrients for long term growth, can be used to maintain cultures of larvae over short periods. 2. Nassarius reticulatus larvae were also fed on three artificial foods (cornflour, drinking chocolate and Liquifry -consisting mainly of pulverised diatoms) which settle to form a layer on a substratum and their growth was measured over a 12-14 day period. 3. The time taken from the first mouthful to the first defecation was recorded for larvae feeding on all six foods. 4. There are two patterns of swimming activity associated with feeding on algae in suspension dependent upon the food value of the alga to the particular species of veliger.
5. With a good food (Cricosphaera ap. carterae and Dunaliella prirnolecta for Nassarius reticulatus, Exuviaella baltica for Crepidula fornicata) all larvae congregate at the surface to feed, dropping intermittently 26 to 34 cm while digestion continues. The first defecation occurs about 30 rain ai%r feeding begins.
6. With a poor food (Exuviaella baltica for Nassarius reticulatus) and without food, larvae are distributed more evenly throughout the water column and make random swimming movements.
7. When no food is present in the column two rising rates are evident 20-30 sec/cm and 7-8 sec/cm, and one sinking rate 20-34 sec/cm. This also holds in the presence of bad and good foods except in Cricosphaera ap. carterae in which larvae rose more slowly (40 sec/cm). 8. The treatment of the six foods in the gut differs: when the stomach is full, feeding more or less ceases in case of algal foods and faeces are formed aider 30 rain; feeding is more continuous with artifical food~ only some particles being retained for digestion and faeces are produced a~er 10-15 rain. 9. Some growth of Nassarius reticulatus occurs in artificial foods, although it is less than in Cricosphaera ap. carterae, and ceases after 8-10 days. Growth over the first seven days is most vigorous in cornflour, good in Liquifry but poor in drinking chocolate owing to bacterial contamination. Growth resumed when larvae fed on Liquifry were given Cricospbaera ap. carterae indicating that they remained healthy. 10. The concentration of cornflour and Liquifry is a critical factor. At 2 3< 103 particles/ml growth was poor, probably as a result of starvation, and a concentration of 20 × 10 ~ particles/ml or higher is recommended. 11. The food value of an artificial food affects growth. Cornflour and drinking chocolate have a very high carbohydrate content giving an unbalanced diet. Liquifry has a more balanced food content but it contains large amounts of indigestible material which must reduce the food value. 12. Artifical foods can be used to maintain cultures of larvae over a short period, but not for long term growth as they lack essential micronutrients present in natural algal foods.
